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EXECUTIVE SUMMARY

One problem in the certification of 16-g airline seats, referred to as the front-row head injury
criteria (HIC) problem, occurs for seats located directly behind bulkheads or cabin class dividers.
These structures are typically both stiff and strong and, therefore, produce very high HIC values
during head impacts. Currently, several full-scale sled tests (FSSTs) are conducted to determine
the HIC value, during which the seats used are usually destroyed, resulting in significant costs.
In addition, inherent variations in the dynamic environment of the sled tests may result in HIC
data scatter.

The airline industry has made claims of high costs and significant schedule overruns during the
development and certification of 16-g seats because of the difficulties encountered in meeting
this requirement. In many cases, the airlines have removed one row of seating in order to
address this problem, resulting in loss of revenue.

The objective of this research project was to develop a component test apparatus that effectively
supports the design and certification of aircraft seats to meet the HIC requirements. This device
will minimize the need for FSSTs and reduce the associated time and costs for development and
certification of aircraft seats.

The National Institute for Aviation Research has designed, fabricated, and performed
preliminary evaluations of an alternative HIC component tester (HCT).

Results from the HCT have been compared to test results from full-scale sled tests. Comparisons
were based on the head impact angle, head impact velocity, HIC, HIC window, peak head center
of gravity (c.g.) resultant acceleration, average head c.g. resultant acceleration, and head c.g.
resultant acceleration profiles. The comparisons were performed for both modes of operation of
the HCT using aluminum type bulkheads and Nomex honeycomb type bulkheads.

For the aluminum type bulkhead, the HIC, HIC window, and peak average head c.g. resultant
acceleration showed good agreement. However, the head c.g. resultant acceleration profiles did
not. The HCT showed repeatability for both modes. The results for both modes of operation
were similar.

For the Nomex honeycomb type bulkhead, the HIC, HIC window, and peak average head c.g.
resultant acceleration showed little agreement. The resultant acceleration profiles show poor
agreement. The HCT showed repeatability for Mode I. A repeatability test was not conducted
for Mode II. The results for both modes of operation were similar.

vii/viii



1. INTRODUCTION.

One problem in the certification of 16-g airline seats, referred to as the front-row head injury
criteria (HIC) problem, occur for seats located directly behind bulkheads or cabin class dividers.
These structures are typically both stiff and strong and, therefore, produce very high HIC values
during head impacts. Currently, several full-scale sled tests (FSSTs) are conducted to determine
the HIC value, during which the seats used are usually destroyed. In addition, inherent variations
in the dynamic environment of the sled tests may result in HIC data scatter.

The airline industry has made claims of high costs and significant schedule overruns during the
development and certification of 16-g seats because of the difficulties encountered in meeting
this requirement. In many cases, the airlines have removed one row of seating in order to
address this problem, resulting in loss of revenue.

The objective of this research was to develop a component test apparatus that effectively
supports the design and certification of aircraft seats to meet the HIC requirements. This device
will minimize the need for full-scale tests and reduce the associated time and costs for aircraft
seat development and certification.

2. BACKGROUND.

Chandler [1] described development of the head injury criteria. This injury criterion evolved
from the Wayne State Tolerance Curve [2]. Gadd [3] defined the severity index (SI) based on
raising the time integral of head acceleration in g’s to the power of 2.5, after observing this to be
the slope of the line which closely fit the Wayne State data when it was plotted using a log-log
scale. Gadd also proposed the injury threshold of 1000. Versace [4] subsequently advocated the
use of an effective acceleration, which he defined as

{%Iaz's dt}

where ¢ and a respectively represent the time interval and resultant head acceleration. The head
injury criteria, HIC, was subsequently defined by Gurdjian [5 and 6] as

B ) | . 25
HIC[(r2 tl){(tz_tl) j a(t)dt} }

max

where:
a(t) = resultant acceleration of the head center of gravity in g’s
t = 1nitial integration time, expressed in seconds
5 = final integration time, expressed in seconds

A maximization is performed by identifying the time interval #, — #; that results in the largest
functional value. This criterion was adapted from the Federal Motor Vehicle Safety Standard
(FMVSS) No. 208 [7].



In aerospace applications, the HIC is evaluated over the period when the head of the
anthropomorphic test dummy (ATD) is in contact with any structure on the aircraft interior.
Injury is defined as any HIC value exceeding the threshold value of 1000. The HIC was
subsequently recommended as one of the injury criteria by the General Aviation Safety Panel
(GASP) to be considered in the design and certification of aircraft seats and restraint systems.
HIC requirements were adapted and are specified in Title 14 Code of Federal Regulations (CFR)
23.562 [8] and 14 CFR 25.562 [9].

Alternative methods involving the use of component test devices represent useful engineering
tools for HIC evaluation in both the aircraft and automotive industry. A validated component
test device should be simple to use, operate, and control. The device should show good
repeatability and produce less data scatter than that obtained from an FSST. Validation of a HIC
component tester requires that the measurements of the following parameters from component
tests agree with the values of the corresponding parameters acquired from FSSTs.

HIC

HIC window, At =1, — t;

Average head c.g. resultant acceleration
Head c.g. resultant acceleration profile

There are several component testers that were developed primarily. A detailed description of
each device listed is given in appendix A.

Bowling Ball Tester

Free Motion Headform Tester
MGA Head/Neck Impactor
Pendulum Test Rig Tester

A study of these devices determined that they do not provide adequate correlation with the
FSSTs for required test conditions [10]. The component level devices provide reasonable
correlation compared with the 16-g dynamic FSSTs only for configurations with predominantly
normal head impact velocities, short distances from the impact surface, and relatively short
duration impacts. Factors affecting these differences may include articulation of other body
segments for the ATD, belt compliance, translation motion of the pelvis, and friction of the
pelvic/seat and head/frontal structure. The National Institute for Aviation Research (NIAR) has
developed a HIC component tester (HCT) designed to overcome the problems facing existing
component testers and reproduce the test results of FSSTs of a Hybrid II (49 CFR Part 572)
ATD.

3. DEVELOPMENT METHODOLOGY.

Figure 1 shows the methodology employed to design and develop the HCT.
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FIGURE 1. DESIGN METHODOLOGY FOR THE HIC COMPONENT TESTER

Existing FSST data from bulkhead tests conducted at NIAR, as well as HIC data provided by
seat manufacturers, were analyzed and used to develop a mathematical model for biodynamic
simulations (steps A and B). A biodynamic model was created, tested, and used to design a
preliminary HIC component tester (PHCT). The PHCT was fabricated, tested, and refined to
optimize results (step C). Using this information, the HCT was designed, tested analytically, and
fabricated (steps D, E, and F). The HCT was tested, and the results were compared with FSST
data (step G).

3.1 DEVELOPMENT MODELING (STEPS A AND B IN FIGURE 1).

An analytical model of the Hybrid II ATD was developed to reproduce its kinematics during a
dynamic seat test. The model was validated against data obtained from FSSTs for different seat
setback distances, bulkhead types, and belts [11] using biodynamic software MADYMO [12].
The purpose of developing this model was to study the kinematics and determine an initial
design of a component tester, which can replicate the characteristics of an ATD during a
dynamic FSST.

Figure 2 shows the kinematics of the full-scale ATD test 97191-02 and the full-scale ATD
model. The kinematics of the model is in close agreement with that of the sled test.



FIGURE 2. COMPARISON OF KINEMATICS OF FULL-SCALE ATD TEST 97191-02 AND
FULL-SCALE ATD MODEL

The head c.g. resultant acceleration comparison for both the tests are shown in figure 3 and show
good agreement.
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FIGURE 3. HEAD c.g. RESULTANT ACCELERATION COMPARISON OF
FSST WITH A FULL-SCALE ATD MODEL

3.2 BIODYNAMIC MODELING (STEP C IN FIGURE 1).

An analytical model of the component HIC tester was developed using the full-scale Hybrid II
ATD model. The purpose of this analysis was to obtain a suitable initial design for the model
and to optimize its configuration by conducting parametric studies. Analyses were conducted to
arrive at the final configuration that best resembles the kinematics of a belted Hybrid II ATD in a
full-scale 16-g test.

Figure 4 shows the initial design of the tester model derived from the full-scale ATD model. The
tester model consists of a pendulum arm representing the spine and the upper torso of the



Hybrid I ATD. The lower torso of the tester model is represented by an ellipsoid, which is
equivalent to the lower torso and legs of the Hybrid II ATD. Seat reference point refers to the
point formed by the intersection of planes drawn from the seat back and the seat pan. The
weight distribution for the tester model was obtained from the weight distribution of the Hybrid
II ATD.

151b Production Bulkhead
Hybrid 1l Head-
neck Assembly

\EH 63.51b
Upper Torso Pendulum arm Sum of Upper torso, v
Arms and Hands 1 16.21in.
.| i Length of
Seat — ||| Pendulum

) -'|L-'ZJ"'“ }

Lower Torso Revolute Joint

Seat »
Setback

Seat Reference Point 88.2 b

Sum of Lower Torso,
Legs and Feet

Full-Scale ATD Model Tester Model

FIGURE 4. INITIAL DESIGN AND WEIGHT DISTRIBUTION OF TESTER

A mathematical model of the seat-tester-bulkhead configuration was developed in which a rigid
seat is represented as two rigid planes that are fixed in space. A 50" percentile Hybrid II ATD
head/neck model was used for all simulations and a rigid plane represented the bulkhead. The
head orientation at the time of impact was determined using the head impact angle sign
convention shown in figure 5. The representative head path of the tester model and the position
at the time of impact are shown in figure 6. The seat reference point is located at the intersection
of the seat back and seat pan. Seat setback distance refers to the horizontal distance from the
bulkhead surface to the seat reference point. The pivot point refers to the location about which
the spine/upper torso pivots about the lower torso (Revolute Joint). The pivot point setback
distance refers to the horizontal distance from the bulkhead surface to the pivot point. The
difference between the initial pivot point setback distance and the smallest pivot point setback
distance during the FSST equals maximum belt stretch. As the point of maximum belt stretch is
reached, the ATD upper torso pivots about its pelvis and impacts the bulkhead. At this point of
maximum belt stretch, the head impact angle and corresponding pivot point setback distance are
evaluated.

A comparison of the kinematics of the full-scale ATD model and tester model with one-degree
of freedom (rotation) is shown in figure 7. As the figures indicate, both systems have similar
kinematics. The head c.g. resultant acceleration comparison of the full-scale ATD model and the
tester model is shown in figure 8. Examination shows good agreement between the acceleration
profiles.
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A preliminary HIC component tester (PHCT) was designed and fabricated based on the tester
model. The PHCT was mounted on NIAR’s rigid iron seat and tested with a simulated bulkhead
fixture. The objective was to compare the PHCT results with a FSST. The PHCT model and
pretest setup condition are shown in figures 9 and 10, respectively.

Iron Seat
Pendulum arm

Pivot Point

Slot for Translation
<—— Sliding Plate
— Fixed Base Plate

> 2-Point Restraint

FIGURE 9. PHCT MODEL FIGURE 10. PHCT SETUP ON SLED

The PHCT was placed at a seat setback distance of 35 inches. The seat and the bulkhead were
positioned to achieve the seat setback distance. A lap belt was used to restrain the PHCT. A
load cell was attached to the left lap belt to measured belt loads. Head c.g. acceleration data was
obtained from a triaxial accelerometer mounted in the head. Two video-tracking targets were
mounted on the upper and lower portion of the head to obtain the head impact angle and velocity.
A video-tracking target was also mounted on the pendulum base. A PHCT test was performed
under the same conditions as FSST 99137-02. Figure 11 shows the full-scale sled pretest setup
and posttest condition.
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(a) Pretest (b) Posttest
FIGURE 11. FSST 99137-02 (a) PRETEST AND (b) POSTTEST

A summary of the PHCT and FSST test results are shown in table 1. The kinematics of the
PHCT and FSST tests are shown in figure 12 and are comparable. The maximum translation of
the PHCT and FSST tests showed similar amounts of translation of the pelvis (about 6 inches).
Table 1 shows that the head peak resultant accelerations, the head average resultant
accelerations, and HIC values for the two tests were not similar. The PHCT had a higher head
impact velocity and lower head impact angle than the FSST. The data summary sheets for the
PHCT and FSST are given in appendix B.

TABLE 1. COMPARISON OF PHCT AND FSST TEST RESULTS

PHCT Test | FSST Test
Results 99109-02 99137-02
Head impact angle (deg) 39 48
Head impact velocity (ft/sec) 46 42
Sled peak acceleration (g’s) 17.3 16.4
HIC 646 1020
HIC window (ms) 21.4 19.6
Head c.g. peak resultant acceleration (g’s) 77 106
Head c.g. average resultant acceleration (g’s) 62 77
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FIGURE 12. COMPARISON OF KINEMATICS OF PHCT AND FSST

The head c.g. resultant acceleration comparison of the two tests is shown in figure 13. The head
c.g. resultant acceleration profile of the PHCT and FSST tests shows reasonable agreement. The
HIC window obtained for both the tests is similar.
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Based on results obtained from the PHCT test, parametric studies using mathematical analysis
were conducted on the PHCT model to obtain a final weight and weight distribution, see
figure 14. This weight distribution best represented the kinematics of the PHCT model with the
FSST. The reason for this difference is to compensate for the effects of varying inertia
associated with articulating ATD arms and legs during a dynamic test.
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3.3 DEVELOPMENT OF HIC COMPONENT TESTER (HCT) (STEPS D, E. AND F IN
FIGURE 1).

Using the information obtained in steps A-C of figure 1, the HCT was designed, analytically
modeled, refined, and fabricated. The HCT (figures 15 and 16) consists of a Hybrid II ATD
head mounted to an aluminum (Al) pendulum arm (collectively the upper torso) attached to a
translating aluminum mass representing the lower torso. The pendulum arm weighs 7 Ibs and is
21.2 inches long and is pinned to the lower torso, allowing the pendulum to pivot. The lower
torso is hollow with the provision for adding mass in the event it is necessary to fine-tune the
system. The Hybrid II ATD head is connected to the pendulum arm through the neck bracket.
The flexible neck of the Hybrid II ATD was found to break often when used in the component
test. This was due to the rigid pendulum arm that caused high bulkhead impact forces to be
transmitted to the neck. The flexible neck was, therefore, replaced with a rigid polycarbonate
neck. An actuator provides angular motion to the pendulum through a pivoting support arm and
the attached support arm extension. The actuator is mounted on a stand and is supported by
bearings on either end of the trunion. The stand assembly and support arm are bolted in place.
The lower torso is attached to two sets of linear bearings that slide on the rails, allowing it to
translate forward and aft. This translation represents the ATD snap back in an FSST. Finite
element analysis tools were used to evaluate the performance of critical components such as the
support arm extension, pendulum arm, stand, and the actuator plate. The detailed engineering
drawings of individual components of the system are given in appendix C.

Head c.g. acceleration data is obtained from a triaxial accelerometer mounted in the head. The
data is recorded using a high-speed data acquisition system (sampled at 10 kHz) and filtered
using an SAE J211Class 1000 filter (1667 Hz). Two video-tracking targets were mounted on the
upper and lower portion of the head. The test was recorded using a high-speed video recording
system (1000 frames per second). The head impact angle, velocity, and location were
determined from the video of the test.

10



The propulsion system consists of a bottle of pressurized nitrogen gas, an accumulator, a gas
shutoff valve, tubing, and a control system. Pressurized nitrogen gas is used to charge the
accumulator to the required pressure. The accumulator, when triggered by the control system,
discharges the nitrogen gas instantaneously through the actuator providing angular velocity to the
pendulum arm. The propulsion system and control system components are discussed in detail in
appendix D.

The analytical model and assembly of the HCT are shown in figures 15 and 16, respectively.

Actuator

Support Arm
Extension

Support Arm
Actuator Stand

Pendulum Arm

Lower Torso
Actuator Plate

Rail

Provision for Lower
Torso Snapback

Base Plate

FIGURE 16. ASSEMBLY OF THE HCT

The HCT can be operated in two modes. Figure 17 shows the Mode I and Mode II
configurations. In Mode I, the lower torso is rigidly fixed to the base plate and the actuator is
operated to rotate the pendulum arm thus providing only one degree of freedom. In Mode II, the

11



lower torso is free to translate on linear bearings providing a second degree of freedom. This
provision for the lower torso to snap back at the time of head impact is provided to mimic the
ATD snapback in an FSST.

Provision for Lower Torso snabback

Mode I Configuration Mode II Configuration
FIGURE 17. HCT MODE I AND MODE II CONFIGURATIONS

3.4 OPERATING METHODOLOGY/SYSTEM CALIBRATION (STEP G IN FIGURE 1).

The operating methodology for calibrating the component HIC tester is shown in figure 18, and
the corresponding flow chart shown in figure 19.

P = E.3583Y - 1228493

Obtain data ! ) ;
§ -~ o : =
. ; * Heddl \mpggtvelgac\ty (f?/ssec) ® \Y)
+ Conduct baseline + Set the head impact angle and
dynamic sled test location on the bulkhead and fix Select actuator pressure
L for the head velocity from
(A) the bulkhead position calibration chart
(B) (©)

Obtain results and
correlate with full-scale
sled test

(G)

Data
Transmission

+ Set the data acquisition + Set valve pressure and
+ Perform the test and video systems pressure in accumulator

(F) (E) (D)

FIGURE 18. OPERATING METHODOLOGY FOR HCT
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Conduct full-scale sled test for particular seat setback distance,
restraint system and bulkhead

e Note all the test setup conditions
e  Collect data from full-scale sled test

—>| Conduct Mode-I/Mode-Il HCT test with conditions similar to FSST l{

e Note all the test setup conditions
e Collect data from HCT sled test

Compare the data obtained from sled test and HCT test for validation
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Yes Correct the

test setup

Does data
correlate?

Is test setup
correct?

Is test
repeatable?

Calibrate or
troubleshoot
the device

Yes

HCT calibrated for given bulkhead and head impact

FIGURE 19. FLOW CHART FOR OPERATING/CALIBRATING THE HCT

A baseline FSST is conducted to obtain the head impact angle and velocity. The HCT is
configured for Mode I or Mode II operation by selecting the appropriate support arm extension.
The lower torso is secured to the base plate for Mode I operation or allowed to translate for
Mode II operation. In both modes, the pendulum arm is perpendicular to the base plate and is in
contact with the support arm extension. The bulkhead is moved forward and aft to achieve the
required head impact angle and fixed in this position. A pressure-velocity calibration chart is
used to obtain the actuator pressure to achieve the required head impact velocity. The
data acquisition and video systems are initialized and set to record the head acceleration data and
videotape the test. A HCT test is performed, if the results are comparable to the FSST, the
system 1is calibrated, and additional component tests may be conducted. If the results are not
comparable, the system is diagnosed to determine the problem. A detailed procedure for
obtaining the pressure-velocity calibration charts from the calibration tests is given in
appendix E.
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3.5 EVALUATION OF HCT USING AN ALUMINUM BULKHEAD.

Several tests were conducted with the HCT using the same setup configuration as in FSST
96288-004. A bulkhead consisting of Al 2024-T3, 0.063 in. thick, was used. The objective of
these tests was to compare the data obtained from the HCT with that of the FSST. Tests in both
Mode I and Mode II were conducted. The setup for the FSST and sequence of motion is shown
in figures 20 and 21, respectively. The data summary sheet for the FSST is given in appendix B.

Fixture

Tracking Points Bulkhead

(With Carpet)

Hybrid Il ATD
Rigid Iron Seat

Nylon belt

FIGURE 21. SEQUENCE OF MOTION OF SLED TEST 96288-004
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3.5.1 Mode I

Tests 01057-24 and -25 were conducted in Mode I and the data compared with FSST 96288-004.
Figure 22 shows the sequence of motion for the HCT during test 01057-25. The data summary
sheets for individual component tests are given in appendix F.

FIGURE 22. SEQUENCE OF MOTION OF HCT DURING TEST 01057-25

The results are summarized in table 2. It is observed that the HIC, HIC window, peak, and
average head c.g. resultant accelerations show good agreement.

TABLE 2. COMPARISON OF HCT TESTS AND FSST IN
MODE I (ALUMINUM BULKHEAD)

FSST HCT Test HCT Test
Parameter 96288-004 | 01057-24 01057-25
Head impact angle (deg.) 38 37 38
Head impact velocity (ft/sec) 45 41 44
HIC 694 763 706
HIC window (ms) 23.7 20.8 21.8
Head c.g. peak resultant acceleration (g’s) 143 145 143
Head c.g. average resultant acceleration (g’s) 61 67 64

Comparison plots of the HCT tests and the FSST are shown in figure 23. The resultant head c.g.
acceleration profiles show poor correlation.
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FIGURE 23. COMPARISION PLOTS OF HCT TESTS 01057-24 AND -25
AND FSST 96288-004

The HCT was checked for repeatability using two consecutive tests with identical setup
configurations. From the HCT tests conducted in Mode I, it was found that the tester shows
repeatability, as shown in figure 24.

Component Test# 01057-24
------------ c Test# 0105725

ca b b b b
28 _ 2805 281 2815 282
Time (sec)

FIGURE 24. REPEATABILITY OF HCT TESTS 01057-24 AND -25

3.5.2 Mode II.

Tests 01057-27, -28, and -29 were conducted in Mode II and the data compared with FSST
96288-004. Figure 25 shows the sequence of motion for the HCT during test 01057-27. The
data summary sheets for individual tests are given in appendix F.
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FIGURE 25. SEQUENCE OF MOTION OF HCT DURING TEST 01057-27

The results are summarized in table 3. It is observed that the HIC, HIC window, peak, and
average head c.g. resultant accelerations show good agreement.

TABLE 3. COMPARISON OF HCT TESTS AND FSST IN
MODE II (ALUMINUM BULKHEAD)

FSST HCT Test HCT Test | HCT Test
Description 96288-04 | 01057-27 01057-28 | 01057-29
Head impact angle (deg) 38 37 39 36
Head impact velocity (ft/sec) 45 45 40 46
HIC 694 746 752 729
HIC window (ms) 23.7 22.9 24.8 23.9
Head c.g. peak resultant Acceleration (g’s) 143 141 136 139
Head c.g. average resultant acceleration (g’s) 61 64 62 62

Comparison plots of the HCT tests with the FSST are shown in figure 26. The resultant head

c.g. acceleration profiles show poor correlation.
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FIGURE 26. COMPARISON PLOTS OF HCT TESTS 01057-27, -28, AND -29 AND
FSST 96288-004

The HCT was checked for repeatability using two consecutive tests with identical setup
configurations. From the HCT tests conducted in Mode 11, it was found that the tester showed

repeatability, as shown in the figure 27.
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FIGURE 27. REPEATABILITY OF HCT TESTS 01057-27, -28, AND -29

3.6 EVALUATION OF HCT USING A NOMEX HONEYCOMB BULKHEAD.

Results from FSST 01008-8 were used as a comparison for HCT tests conducted using a 1” thick
Nomex honeycomb panel. The HCT had the same configuration as the FSST. Tests in both
Mode I and Mode II configuration were conducted. The setup for the FSST and sequence of
motion is shown in figures 28 and 29, respectively. The data summary sheet for the FSST is
given in appendix B.

Fixture
Tracking points
Bulkhead

(with carpet)
Hybrid Il ATD

Rigid iron seat
Nylon belt

FIGURE 28. SETUP FOR NOMEX HONEYCOMB BULKHEAD SLED TEST
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FIGURE 29. SEQUENCE OF MOTION OF SLED TEST 01008-8
3.6.1 Mode I.
HCT tests 01057-43 and -44 were conducted in Mode I and the data compared with FSST

01008-8. Figure 30 shows the sequence of motion for the HCT during test 01057-43. Data
summary sheets for the above component tests are given in appendix F.

FIGURE 30. SEQUENCE OF MOTION OF HCT DURING TEST 01057-43
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The results are summarized in table 4. It is observed that there is little agreement between the
HCT and the FSST HIC parameters. The head impact angles, head impact velocities, and HIC
windows were low, while the head c.g. average resultant acceleration was high. Only the head
c.g. peak resultant acceleration was similar consistently.

TABLE 4. COMPARISON OF HCT TESTS AND FSST IN
MODE I (HONEYCOMB BULKHEAD)

FSST HCT Test HCT Test
Parameter 01008-8 01057-43 01057-44
Head impact angle (deg) 40 37 38
Head impact velocity (ft/sec) 45 40 40
HIC 783 834 981
HIC window (ms) 44.4 32.9 31.8
Head c.g. peak resultant acceleration (g’s) 132 130 *136
Head c.g. average resultant acceleration (g’s) 50 58 63

*Value of initial significant peak.

Comparison of the HCT tests with the FSST is shown in figure 31. The head c.g. resultant
acceleration profiles show poor correlation.
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FIGURE 31. COMPARISON PLOTS OF HCT TESTS 01057-43 AND -44 AND
FSST 01008-8

The HCT was checked for repeatability using two consecutive tests with identical setup

configurations. From the HCT tests conducted in Mode I, it was found that the tester showed
repeatability, as shown in figure 32.
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FIGURE 32. REPEATABILITY OF HCT TESTS 01057-43 AND -44

3.6.2 Mode II.

HCT test 01057-49 was conducted in Mode II and the data compared with FSST 01008-8. The
test was conducted using a honeycomb bulkhead. Figure 33 shows the test sequence of the HCT

during test 01057-49. A data summary sheet for the above component test is given in appendix
F.

FIGURE 33. SEQUENCE OF MOTION OF HCT DURING TEST 01057-49

The results are summarized in table 5. It is observed that there is little agreement between the
HCT and the FSST HIC parameters. The head impact velocity, head c.g. peak resultant
acceleration, and HIC window were low, while the HIC and head c.g. average resultant
acceleration were high.
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TABLE 5. COMPARISON OF HCT TESTS AND FSST IN
MODE I (HONEYCOMB BULKHEAD)

Parameter FSST 01008-8 HCT Test 01057-49
Head impact angle (deg) 40 39
Head impact velocity (ft/sec) 45 41
HIC 783 960
HIC window (ms) 44.4 31.8
Head c.g. peak resultant acceleration (g’s) 132 109
Head c.g. average resultant acceleration (g’s) 50 62

Comparison of the HCT tests with the FSST i1s shown in figure 34. The resultant acceleration

profiles show poor correlation.
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FIGURE 34. COMPARISON PLOTS OF HCT TEST 01057-49 AND FSST 01008-8

The HCT was not tested for repeatability in Mode II.

4. MODE I VS MODE II.

Comparisons of Mode I and Mode II data for the aluminum bulkhead and Nomex honeycomb
bulkheads show no difference between the modes. There was little agreement between the HCT
and the FSST for the Nomex honeycomb bulkhead. However, there was not sufficient data for a

conclusive determination.

5. OPERATIONAL ANALYSIS OF HCT.

A system review was undertaken to determine if improvements could be made to the HCT and

its operation. The most significant issues were:
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. Tendency for the upper torso (pendulum arm) to contact the support arm assembly during
rebound. This contact influenced the measured accelerations and associated HIC

parameters.

. Operating pressures improperly set.

o Effect of adding mass to the lower torso not evaluated.

. Improved calibration curve for operating pressure versus required head impact velocity
(greater range).

. No determination of appropriate mode of operation.

6. CONCLUSIONS.

The HIC component tester (HCT) was designed and fabricated as an alternate method to
determine the head injury criteria (HIC) value for aircraft seat certification. The HCT could be
used to evaluate different designs and test conditions at a reduced cost and in a shorter time than
full-scale sled tests. The HCT has two modes of operation. Mode I uses a fixed base while
Mode II uses a translating base to emulate some of the biodynamic characteristics associated
with an anthropomorphic test dummy (ATD) in a full-scale sled test. Preliminary results from
the HCT have been compared with results from full-scale sled tests. Comparisons were based on
the head impact angle, head impact velocity, HIC, HIC window, peak head center of gravity
(c.g.) resultant acceleration, average head c.g. resultant acceleration, and head c.g. resultant
acceleration profiles. The comparisons were made for both modes of operation using aluminum
type bulkheads and Nomex honeycomb type bulkheads.

For the aluminum type bulkhead, the HIC, HIC window, and peak average head c.g. resultant
acceleration showed good agreement. However, the head c.g. resultant acceleration profiles did
not. The HCT showed repeatability for both modes. The results for both modes of operation
were similar.

For the Nomex honeycomb type bulkhead, the HIC, HIC window, and peak average head c.g.
resultant acceleration showed little agreement. The resultant acceleration profiles show poor
agreement. The HCT showed repeatability for Mode I. A repeatability test was not conducted
for Mode II. The results for both modes of operation were similar.

Comparisons of Mode I and Mode II data for the aluminum bulkhead and Nomex honeycomb
bulkheads show no difference between the modes. There was little agreement between the HCT
and the FSST for the Nomex honeycomb bulkhead. There was not sufficient data for a
conclusive determination.
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APPENDIX A—EXISTING COMPONENT LEVEL DEVICE

A.1 BOWLING BALL TESTER.

The instrumented ball impact test procedure was one of the means to evaluate HIC for head
impact onto aircraft interior structures. This procedure was selected based on a technical paper
presented by the Federal Aviation Administration Civil Aeromedical Institute (FAA CAMI) [A-
1], which specifies three basic options for complying with requirements for head impact
protection for seat installations located aft of cabin structures. The Biodynamic Research Station
of FAA CAMI conducted a bowling ball drop test, in which an instrumented bowling ball was
made to impact various padding materials and the results were compared with that obtained from
sled tests. A procedure for the instrumented ball impacts was defined in Advisory Circular
(AC) 25-17. The experimental setup for the bowling ball test is shown in figure A-1.

F i F JF oF JF JF OF JF OF JF JOF OF JF OF JF F J0F 0 d

Ceiling Suspended Pulley

Bowling Bai

N Release Cord

Backdrop Rebound
Measurement Board

Instrumentation Cable

Test Material

Photo Trigger —>| BkLamp

G99594999999 509997
o

FIGURE A-1. BOWLING BALL TEST SETUP

Tests were conducted by raising the ball to the desired height through a pulley suspended from a
ceiling beam. The ball drops freely onto the test material from manual release at the free end of
the cord. An infrared photo sensor in the path of the falling ball generates the electronic signal to
trigger the data acquisition system before impact. The rebound kinetic energy was derived from
the maximum rebound height, which was measured directly from the high-speed video data
collected from the test.

Some of the drawbacks of this tester are (1) it does not account for the kinematics of moving
body parts, (2) it only permits a normal impact into the surface (not impact location sensitive),
and (3) does not account for facial features.

A.2 FREE MOTION HEADFORM TESTER.

The free motion headform (FMH) tester was designed to permit the simulation of head impacts
common in the automotive crash environment [A-2]. However, it is only used by the automotive
industry for impact tests on rigid surfaces to supplement full-scale impact tests. The device is
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not used on aircraft because it was only validated for a head impact velocity of only 15 ft/sec,
which is about 1/3 of typical aircraft head strike velocities. The main objective was to develop a
head component design that represented the impact of an actual head. In a head component test,
there is much greater control of the head impact location, and the tests are less expensive than a
full-scale sled test.

Figure A-2 shows the typical setup of a FMH tester, which was used in the automotive industry
to test a variety of surfaces. A featureless Hybrid III headform was developed to assess the
interior impact behavior of an occupant in a vehicle collision. It is basically a standard Hybrid
IIT head without a nose.

FIGURE A-2. FREE MOTION HEADFORM TESTER

The back of the head, i.e., the skullcap, was removed and replaced by a plate for mounting to a
propulsion shaft. It consists of a hollow cast aluminum shell covered with a layer of vinyl
rubber. The Hybrid III headform was mounted on a compressible fluid impact accelerator and
held against the impactor ram by a permanent magnet. When the impactor was fired, the ram
separated the headform from the permanent magnet. During the ram acceleration, the headform
was held against the ram by its inertial force. Upon deceleration, the headform separated and
impacted the test surface in free flight.

The main advantage of the FMH tester was its ability to impact surfaces without the requirement
of being normal to the impacting surface. This allowed components to be tested in a more
realistic manner. The drawbacks of this system were the higher head injury criteria (HIC) values
and peak head accelerations, compared to a full-scale sled model. This was due to the entire
energy being transferred directly to the head, which in turn was absorbed by the bulkhead. In the
FMH tester, the headform completely interacts with the bulkhead panel, while in the sled test,
there are interactions among various body parts and belt restraining system on the lower torso
that affected the results.

A.3 MGA HEAD/NECK IMPACTOR.

The MGA head/neck impactor is shown in figure A-3. This test device is an inverted pendulum
type impactor and consists of an accelerator, pendulum arm, support arm, rebound brake system,
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anthropomorphic test dummy (ATD) head/neck assembly, signal conditioning system, and data
acquisition system operated via computerized control. The two parameters required to simulate a
representative sled test are head impact velocity and impact angle.

ATD Head
Head Rest

FIGURE A-3. MGA HEAD/NECK IMPACTOR

The device consists of a 49 Code of Federal Regulations Part 572 head and neck assembly
mounted to a pivoting arm and accelerated by a pneumatic actuator. The head accelerations were
measured using a triaxial accelerometer mounted in the head. A velocity trap was used to
measure the arm velocity just prior to impact. Video data was acquired using high-speed
cameras. The desired head impact angle was achieved by changing the test panel distance from
the impactor. Once the head impact angle was adjusted, the panel was fixed in position. The
head impact velocity was achieved by adjusting the nitrogen gas pressure in the actuator.

The device has been evaluated as a part of an investigation addressing the front-row HIC
problem [A-3]. This study has shown the MGA tester to be very effective for shorter setback

distances and bulkhead with hard impact surfaces.

A.4 PENDULUM RIG TESTER.

The pendulum rig tester is shown in figure A-4. The pendulum test rig was developed at the
National Institute for Aviation Research at Wichita State University and is capable of simulating
the impact of an occupant onto the interior structure or the impact on a pedestrian. The
pendulum is 19 feet in length and is capable of achieving velocities above 50 ft/sec at impact.
The pendulum method is a cost-effective method for finding the various injury criteria in head
impact collisions and is similar to the FMH and bowling ball tests. The pendulum test rig
consists of a main striking pendulum, which is brought to rest by another small pendulum (brake
system).

A pendulum extension was attached to the pendulum and the ATD head. The pendulum
extension was free to oscillate, and a chain connected the pendulum center to the end of the
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pendulum extension. The purpose of the chain was to maintain the head and pendulum in a
straight line and prevented the extension from hitting the bulkhead. Tests with the pendulum rig
could be conducted in two different configurations. In the first configuration, the ATD head was
loosely attached to the pendulum. The pendulum was raised to the desired height and released to
strike the test target at the desired velocity. In the other configuration, a panel with padding
material was fixed loosely to the pendulum, raised to the desired height, and released to strike the
seated dummy. Suitably adjusting the inclination of the pendulum and allowing it to fall freely
under gravity could achieve any desired impact velocity. The pendulum had the advantages of
being simple and flexible in operation. With a pendulum test setup, both the padding material
and the individual body components could be evaluated. This may be used for simulating the
impact of an occupant onto the interior structure or the impact on a pedestrian. The effect of
padding material stiffness on the HIC value may be analyzed; and a model of head impact, using
nonlinear stiffness and damping properties, can be developed. This helps in the selection of an
optimum material for reducing severe head injuries. The HIC values obtained for heavier masses
did not correlate with the sled test results.

Motion Arrestor

Pendulum

Bulkhead

FIGURE A-4. PENDULUM RIG TESTER
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APPENDIX B—DATA SHEETS FOR SLED TESTS

Summary sheets showing the velocity and acceleration plots along with results are tabulated for
each full-scale sled test. Data sheets for the sled tests follow.
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DATA SHEET FOR SLED TEST 97191-02

Sled Acceleration Profile

Head C.G. Acceleration Time History

160 — — —— —— — —— — — -
- fopuenAccorton
140 - — L~ — = b LT et
| | | == = Z-Component
1206 — — 1 — ST Tr T Troor -
» =
|

(=]
-

Sled Acceleration (g's)
Head C.G. Acceleration

[

| L0 o e U 2l el el el e

gl b 1) _128:wwwlww'v/'lwuwlwuluuluuluul

885 29 295 3 305 31 315 32 325 07 308 309 31 311 312 3.1 3.14
Time (sec) Time (sec)

Head C.G. Resultant Acceleration Time History and HIC Calculation
160

Ly SO S 0 R N

N . T L e S

eBF---—9ft--r--F--—rt - -5 ——;

S120f

S110F

100

Q9 - - Laf L=l L L

EeofF-—-r -t A1 =~

2 nf

S 60

& 50 -

8 weg--/--—--- -

T 0F ST S iy Bl

O 20 1

T 10 - - — P\ |

T Y R X TR Y PR R R X P
Time (sec)

Results of Sled Test 97191-02
Bulkhead - Simulated bulkhead (cabin class divider)
Seat Set back distance (in.) - 35
Peak Sled Deceleration (g’s) - 16.3
Frame Zero (sec) - 3.0619
Head Impact Velocity (ft/sec) - 45
Head Impact Angle (deg.) - 42
Head c.g. peak resultant accel. (g’s) - 156
Head c.g. average resultant accel. (g’s) - 104.1
HIC - 1394
At=1t,—t; (ms) - 12.5 (#; =3.0859 sec, t, =3.0984 sec)
Contact Start Time, fc; (sec) - 3.0859
Contact End Time, fc, (sec) - 3.1314
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DATA SHEET FOR SLED TEST 99109-02

Sled Acceleration Profile

Sled Acceleration (g's)
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- 61.8

- 646

- 21.4 (t, =3.1825 sec, t, =3.2039 sec)
- 3.1825
- 3.2485
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DATA SHEET FOR SLED TEST 99137-02

Sled Acceleration Profile
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Results of Sled Test 99137-02

Bulkhead - Simulated bulkhead (slitted cabin class divider)
Seat Set back distance (in.) - 35

Peak Sled Deceleration (g’s) - lo4

Frame Zero (sec) - 3.1243

Head Impact Velocity (ft/sec) - 42

Head Impact Angle (deg.) - 48

Head c.g. peak resultant accel. (g’s) - 106

Head c.g. average resultant accel. (g’s) - 77

HIC - 1020

At =1t — t; (ms) - 19.6 (1, =3.1243 sec, t, =3.1439 sec)
Contact Start Time, fc; (sec) - 3.1243

Contact End Time, tc; (sec) - 3.2323
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DATA SHEET FOR SLED TEST 96288-004

Sled Acceleration Profile Head C.G. Acceleration Time History
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Head C.G. Resultant Acceleration Time History and HIC Calculation
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Time -t-sec

Results of Sled Test 96288-004

Bulkhead - 0.063-in.-thick Al 2024 T3, 28.5 x 31 in.
Seat Set back distance (in.) - 35

Peak Sled Deceleration (g’s) - 16.6

Frame Zero (sec) - 2.6745

Head Impact Velocity (ft/sec) - 45

Head Impact Angle (deg.) - 38

Head c.g. peak resultant accel. (g’s) - 142.5

Head c.g. average resultant accel. (g’s) - 61

HIC - 694

At =t, — t; (ms) - 23.7 (t1 =2.7926 sec, t, =2.8163 sec)
Contact Start Time, fc; (sec) - 2.7925

Contact End Time, fc, (sec) - 2.8565



DATA SHEET FOR SLED TEST 01008-8

Sled Acceleration Profile

Sled Acceleration (g's)
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Results of Sled Test 01008-8

Bulkhead -

Seat Set back distance (in.) -
Peak Sled Deceleration (g’s) -
Frame Zero (sec) -
Head Impact Velocity (ft/sec) -
Head Impact Angle (deg.) -
Head c.g. peak resultant accel. (g’s) -
Head c.g. average resultant accel. (g’s) -
HIC -
At=t -1 (ms) -
Contact Start Time, fc; (sec) -
Contact End Time, fc; (sec) -
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fiberglass sheets and carpet
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40
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50
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44.4 (¢, = 3.2078 sec, t, = 3.2522 sec)
3.2078
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APPENDIX C—ENGINEERING DRAWINGS OF HCT

The following engineering drawings were made using Pro-Engineer 2000i:
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ASSEMBLY OF COMPONENT HIC TESTER (MODE I)
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ASSEMBLY OF COMPONENT HIC TESTER (MODE II)
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BASE PLATE
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ACTUATOR PLATE
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STAND ASSEMBLY
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PENDULUM ARM
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NECK BRACKET
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SUPPORT ARM PIVOT BASE
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SUPPORT ARM
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SUPPORT ARM EXTENSION (MODE I)
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SUPPORT ARM EXTENSION (MODE II)
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APPENDIX D—PROPULSION SYSTEM

Figure D-1 shows the schematic representation of the propulsion system. The propulsion system
allows high-pressure nitrogen gas stored in the accumulator to be discharged instantaneously
through an actuator, providing angular velocity to the pendulum arm.

1

-
-«

From Nitrogen Gas Bottle

|
| H<
Pressure g
Gauge Solenoid Operated
ing-return Val
Gas Fuse Spring-return Valve
Accumulator Solenoid Operated
Spring-return 5-port Valve
\"
- .
Gas Valve Cal Air Pressure
Regulator
W - < > T e
~ 1 1
T Y 1 @ 1
¢ = 1 1
To Actuator g

FIGURE D-1. SCHEMATIC REPRESENTATION OF PROPULSION SYSTEM

The nitrogen gas bottle is plumbed to a solenoid shutoff valve and then to the accumulator. The
accumulator is charged to the desired operating pressure by opening the solenoid shutoff valve
and the pressure regulator mounted on the nitrogen bottle, after which both are closed. The
accumulator pressure controls the output force of the actuator and, therefore, the velocity of the
pendulum arm. Triggering the solenoid-operated, 5-port valve causes compressed air, set at
60 psi, to open the gas valve allowing the accumulator to discharge through the actuator. The
actuator piston travels down the actuator cylinder and provides angular velocity to the pendulum
arm via the support arm assembly. The compressed nitrogen gas in the actuator cylinder is
vented into the atmosphere through the longitudinal slot provided at the end of the cylinder.
Figure D-2 shows the components of the propulsion system.

The maximum pressure that can be maintained in the accumulator is 600 psi. The accumulator is
provided with a gas fuse to vent out excess pressure. The accumulator and the gas valve are
fixed rigidly to withstand the high forces generated during the system operation. Figure D-3
shows the actuator assembly.



Solenoid valve

Pressure gauge
Solenoid valve

Solenoid-operated,
5-port valve

(a) Gas Valve (b) Control Accessories

(¢) Accumulator

FIGURE D-2. PROPULSION SYSTEM COMPONENTS

Bearing

Piston Rod Trunion

Spherical end Longitudinal slot

Cylinder

Piston

FIGURE D-3. ACTUATOR ASSEMBLY

The cylinder length is 20 inches with a 4-inch bore, an 8-inch active stroke, and a 2-inch-
diameter piston. The cylinder bore and the piston outer surface are machined to high tolerences
and low friction seals are used at the ends of the cylinder to increase efficiency. The piston is
designed to withstand high pressure, speed, and temperature and is made of Aluminum-6065.
One end of the piston rod is connected to the piston and the other end to a threaded spherical end.
The spherical end is connected to the support arm assembly and transfers the force from the
actuator to the pendulum arm. The cylinder has a longitudinal slot, 1 1/2 inches wide and
4 inches long to vent the gas. The edges of the slot are rounded to reduce the stress
concentration. The actuator trunion point is mounted on the stand with a set of 75-mm bore
type-e bearings. The bearings are capable of withstanding high loads and are mounted on the
stand with 3/4-inch-diameter bolts.
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APPENDIX E—PRESSURE-VELOCITY CALIBRATION TESTS

The component head injury criteria (HIC) tester was calibrated for a given head impact velocity
by setting the actuator pressure at a predetermined value to achieve the desired head impact
velocity. A series of tests were conducted with varying actuator pressure and fixed head impact
angle. A generalized relationship between actuator pressure and head impact velocity was
obtained. The procedure was as follows.

E.1 TEST METHODOLOGY.

The bulkhead material used for the entire test series was an aluminum sheet (2024-T3, 0.063 in.
thick). Figure E-1 shows the dimensions of the aluminum bulkhead and fixture details.

4 inches

28.5 inches

31 inches

o XN

FIGURE E-1. ALUMINUM BULKHEAD AND FIXTURE DETAILS

Tests were conducted with head impact angles in the range of 35-60 degrees in increments of 5
degrees. For each head impact angle, the actuator pressure was varied and head impact velocity
obtained from video data. The head impact angle, actuator pressure, and pivot-point distance
from the bulkhead were measured and recorded. The bulkhead was positioned such that the head
impacted at the bulkhead center.

Figure E-2 shows the operating methodology of the component HIC tester. The head impact
angle and the impact location on the bulkhead were set prior to each test by positioning
the bulkhead. The actuator pressure for each head impact angle was selected in the range of
70-150 psi. The data acquisition system and the high-speed video capturing devices were set to
record head acceleration data and the video. The accumulator discharges and actuates the
cylinder piston. Raw data obtained from the data acquisition system was analyzed for each test
and head impact velocity calculated. The data obtained from each test for a given head impact
angle is plotted and a linear expression for actuator pressure versus head impact velocity was
obtained.



e

+ Fix required bulkhead and

set at required head impact

angle and impact location

+ Set accumulator pressure

+ Set the data acquisition
system (DAS) and video
capturing devices

Analyze data and l

calculate head impact
velocity

+ Plot pressure-velocity data and

obtain a linear expression

1 L 1
30 35 40 45
Head Impact Velocity (ft/sec)

J t

+ Perform test and collect data

FIGURE E-2. PRESSURE VS VELOCITY CALIBRATION

The results obtained from each calibration test are tabulated in table E-1. Figure E-3 shows the
pressure-velocity plot from data analysis.

TABLE E-1. PRESSURE VS VELOCITY CALIBRATION DATA

Head Impact | Actuator Head Impact
Test Angle Pressure Velocity
01204 - (deg.) (psi) (ft/sec)
04 35 110 34.7
05 35 130 38.6
26* 35 150 39.3
08 40 70 30.9
09 40 90 32.5
10 40 120 39.5
11 40 130 40.5
12 40 150 41.3
13 45 70 30.3
14 45 90 34.2
15 45 110 36.7
16 45 130 38.6
17 45 150 42.7
18 50 70 30.9
19 50 90 33.8
20 50 110 37.8




TABLE E-1. PRESSURE VS VELOCITY CALIBRATION DATA (Continued)

Head Impact | Actuator Head Impact
Test Angle Pressure Velocity
01204 - (deg.) (psi) (ft/sec)
21 50 130 383
22 50 150 41.2
28 55 80 31.0
29 55 90 32.8
30 55 110 35.8
31 55 130 38.7
32 55 150 41.8
23 60 70 29.8
24 60 90 34.1
25 60 110 354
26 60 130 36.9
27 60 150 40.6

* Test 01057-26
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Accumulator Pressure (psi)
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N
()]

FIGURE E-3. PRESSURE VS VELOCITY PLOTS
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APPENDIX F—DATA SHEETS FOR HCT TESTS

Data sheets for the HCT tests follow.



DATA SHEET FOR HCT TEST 01057-24

Head C.G. Acceleration Time History Head CG Resultant Acceleration Time History

— — - XAcceleration
Y Acceleratic
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Head C.G. Acceleration (g's)
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Results of Component HIC Test 01057-24

Bulkhead type - 0.063-in.-thick Al 2024-T3, 28.5 x 31 in.
Pivot Point setback distance (in.) - 22.5

Operating Pressure (psi) - 150

Pendulum Type - Al 6061-T6, 7 Ibs

Frame Zero (sec) - 1.6429

Head Impact Velocity (ft/sec) - 40.9

Head Impact Angle (deg.) - 37

Head c.g. peak resultant accel. (g’s) - 145.6

Head c.g. average resultant accel. (g’s) - 67

HIC - 763

At =t —t; (ms) - 20.8  (#;, =1.4999 sec, t, = 1.5207 sec)
Contact Start Time, fc; (sec) - 1.4989

Contact End Time, tc, (sec) - 1.5209
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DATA SHEET FOR HCT TEST 01057-25

Head C.G. Acceleration Time History
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Results of Component HIC Test 01057-25

Bulkhead type

Pivot Point setback distance (in.)
Operating Pressure (psi)

Pendulum Type

Frame Zero (sec)

Head Impact Velocity (ft/sec)

Head Impact Angle (deg.)

Head c.g. peak resultant accel. (g’s)
Head c.g. average resultant accel. (g’s)
HIC

At =1t — t; (ms)

Contact Start Time, fc; (sec)
Contact End Time, fc, (sec)

F-3

Head C.G. Time History and HIC Calculation

ARNEE NEEEE FITNNE NN FRNES NWNEN NU T SWEeS Swwn S |
Q47 1475 148 1.485 149 1495 1.5 1505 151 1515 1.52
Time (sec)

0.063-in.-thick Al 2024-T3, 28.5 x 31 in.
22.5

150

Al 6061-T6, 7 Ibs

1.6075

44.0

37.5

142.9

63.9

706

21.8 (t; = 1.4815 sec, t, = 1.5033 sec)
1.4815

1.5035



DATA FOR HCT TEST 01057-27

Head C.G. Acceleration Time History

Resultant Head C.G. Acceleration Time History and HIC Calculation

L Resultant Accel
-= = {—X-Component -
==« = - = Y-Component _
— = + Z-Component "7’“
********* ] '2130
B0 - - - L 44— 5120
290 £110
c s
.g %100
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7?.29 1.3 1.31 1.32 1.33 1.34
Time (sec) Time (sec)
Resultant Head Velocity (Test# 01057-27)
50 - T — T — 7T — /1 T = T\ T T T

Resultant Head Velocity (ft/sec)

0326 128 13 132 134 136 138 14 142 144
Time (sec)

Results of Component HIC Test 01057-27

Bulkhead type

Pivot Point setback distance (in.)
Operating Pressure (psi)

Pendulum Type

Frame Zero (sec)

Head Impact Velocity (ft/sec)

Head Impact Angle (deg.)

Head c.g. peak resultant accel. (g’s)
Head c.g. average resultant accel. (g’s)
HIC

At =1t — t; (ms)

Contact Start Time, fc; (sec)
Contact End Time, fc, (sec)

- 0.063-in.-thick Al 2024-T3, 28.5 x 31 in.
- 23.25

- 150

- Al 6061-T6, 7 lbs

- 1.4051

- 454

- 37

- 140.7

- 64

- 746

- 22.9 (t; =1.3081 sec, t, = 1.3310 sec)
- 1.3081

- 1.3311
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DATA SHEET FOR HCT TEST 01057-28

Head C.G. Acceleration Time History

== == = X-Component

Resultant Acceleration

e

T B R
1.69 1.7
Time (sec)

Resultant Head Velocity (Test # 01057-28)
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35
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e
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Results of Component HIC Test 01057-28

Bulkhead type

Pivot Point setback distance (in.)
Operating Pressure (psi)

Pendulum Type

Frame Zero (sec)

Head Impact Velocity (ft/sec)

Head Impact Angle (deg.)

Head c.g. resultant peak accel. (g’s)
Head c.g. average resultant accel. (g’s)
HIC

At =t —t; (ms)

Contact Start Time, fc; (sec)
Contact End Time, tc; (sec)

F-5

Resultant Head C.G. Acceleration and HIC Calculation

T R
1.69
Time (sec)

0.063-in.-thick Al 2024-T3, 28.5 x 31 in.
23.25

140

Al 6061-T6, 7 lbs

1.8237

40

39

136.1

62.2

752

24.8 (1, =1.6897 sec, t, = 1.7145 sec)
1.6897

1.7147



DATA SHEET FOR HCT TEST 01057-29

Head C.G Acceleration Time History

Resultant Accel
— — = X-Component
—-—- = Y-Component
=== Z-Component

Head C.G. Acceleration

PRI SRR NSRRI NSRRI |
1.52 1.53 1.54 1.55
Time (sec)

Resultant Head Velomty (Test# 01 057 -29)

w
(&3]

30

25

20

15

10

Resultant Head Velocity (ft/sec)

55
Time (sec)

Results of Component HIC Test 01057-29

Bulkhead type -
Pivot Point setback distance (in.) -
Operating Pressure (psi) -
Pendulum Type -
Frame Zero (sec) -
Head Impact Velocity (ft/sec) -
Head Impact Angle (deg.) -
Head c.g. peak resultant accel. (g’s) -
Head c.g. average resultant accel. (g’s) -
HIC -
At =t —t; (ms) -
Contact Start Time, fc; (sec) -
Contact End Time, tc; (sec) -

F-6

Resultant C.G. Acceleration Time History and HIC Calculation
140

|
| HIC=729 |

Resultant Head C.G. Accele

I e e e I
TTERI T NRIN NN N SRR N R |
1.51 1.562 1.63 1.54 1.55

(o2}
o
£ LU LLALAA L LAY ALY LA LAARS RAARS RRRRY RARRN RRAR pannt puans puan |

Time (sec)

0.063-in.-thick Al12024-T3, 28.5 x 31 in.
23.25

140

Al 6061-T6, 7 lbs

1.5803

45.6

36

139.3

62.2

729

23.9 (t;,=1.5143 sec, t, = 1.5382 sec)
1.5143

1.5383



DATA SHEET FOR HCT TEST 01057-43

Head C.G Acceleration Time History

Resultant Accel
— — - X-Component
— - — — 4| —-—-~- Y-Component

—_— Z-Component

Head C.G Acceleration (g
S
o

o .
N FERGESAT S B TN Y]
Yy VSNV BT Ui T I
F ".\.:'- H ..l LI :.-'
Eoo i il |
/7o) AP RS VAN (S RRRNRNT X | H
S T I A T
082 083 08 08 08 08 08 08 09
Time (Sec)

Resultant Head Velocity (Test # 01057 - 43)
45

r— - — - — - - - = = - - - — 1 — — — — °
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WOFI- - - - - - - — — = = = N - = =
o | | |
35— - - - - _ _ L -
s 3°F
s ! | | |
o S I [ (/AN B I
ESO*\ I I I
2 _ | I
o »BfF-—-—-—-—--———f/————— -~ - -
o kI | I [
2 E! I I I
PP o - I e
e F
8 ! I I I
S - - [yl el e N
» -
o [ ! I I
Cjpop—-—--—Ffr-——-- F———— -
ol | | |
51— — — -~ - — - — = e
o | | |
ok - P - - |
0.78 0.8 082 0.84 0.86
Time (sec)

Results of Component HIC Test 01057-43

Bulkhead type

Pivot Point setback distance (in.)
Operating Pressure (psi)

Pendulum Type

Frame Zero (sec)

Head Impact Velocity (ft/sec)

Head Impact Angle (deg.)

Head c.g. peak resultant accel. (g’s)
Head c.g. average resultant accel. (g’s)
HIC

At=t) — t; (ms)

Contact Start Time, fc; (sec)
Contact End Time, fc, (sec)

Head CG Resultant Acceleration Time History and HIC Calculation

140 — —

ST T o T =g~ = -
§, |HIc=834 L8 |

Time (sec)

Epoxy fiberglass/Nomex honeycomb (1” thick)

covered with carpet
23

130

Al16061-T6, 7 1bs
0.9368

40

37

130.3

57.8

834

32.9 (t; =0.8468 sec, t, = 0.8797 sec)
0.8468

0.8848

F-7
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DATA SHEET FOR HCT TEST 01057-44

Head C.G Acceleration Time History

Resultant Accel

— — - X-Component

| —.—-~ Y-Component
——— Z-Component

e
o
o

Head C.G Acceleration (g's)
»
o

-20

: S
-40 - — - — — it —
L | | ittt
60fF - - ----L_-t___L__ s —
A AR S SR ST A1 A
13 1.31 1.32 1.33 1.34 1.35 1.36
Time (sec)
Resultant Head Velocity (Test# 01057 - 44)
40r- | | | | | |
o | | | | | |
b J_ 1 L ____ oY1
o | | | | | | |
— | | | | | | |
Q0VF -~ T - ~1T -~ 2t B
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2 T
-] S [ R Y SR I A\
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Py k| P ARTIENEN INRFRANEN PAVEFINEN FIRTITEN SYAENAT AT |
126 127 128 129 13 131 132 133

Time (sec)

Results of Component HIC Test 01057-44

Bulkhead type -

Pivot Point setback distance (in.) -
Operating Pressure (psi) -
Pendulum Type -
Frame Zero (sec) -
Head Impact Velocity (ft/sec) -
Head Impact Angle (deg.) -
Head c.g. peak resultant accel. (g’s) -
Head c.g. average resultant accel. (g’s) -
HIC -
At=t, — t; (ms) -
Contact Start Time, fc; (sec) -
Contact End Time, ¢, (sec) -

Head CG Resultant Acceleration Time History and HIC Calculation

o) SHRSEEN I N RNEITIN ERAITE AFRTENI I
1.3 1.31 1.32 1.33 1.34 1.35 1.36
Time (sec)

Epoxy fiberglass/Nomex honeycomb (1” thick)
covered with carpet

23

130

Al 6061-T6, 7 lbs

1.4245

40.3

38

136.3

62.6

981

31.8 (¢, = 1.3185 sec, t, = 1.3503 sec)
1.3185

1.3505

F-8



DATA SHEET FOR HCT TEST 01057-49

Head C.G Acceleration Time History

Resultant Accel
— — - X Component
—-—-= Y Component
S ~ Z Component

\\\\\\

Head C.G Acceleration

L L i R L
122 123  1.24
Time (sec)

R IR
1.25 1.26

Resultant Head Velocity (Test# 01057 - 49)
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Results of Component HIC Test 01057-49

Bulkhead Type

Pivot Point setback distance (in.)
Operating Pressure (psi)

Pendulum Type

Frame Zero (sec)

Head Impact Velocity (ft/sec)

Head Impact Angle (deg.)

Head c.g. peak resultant acceleration (g’s)
Head c.g. average resultant accel. (g’s)
HIC

At =t —t; (ms)

Contact Start Time, tc; (sec)

Contact End Time, tc; (sec)

Head C.G Resultant Acceleration Time History and HIC calculation

~100

Head C.G. Resultant Acceleration

Ll RN ENEN RN SNANERANEN | RN S |
9.19 1.2

122 123 124 125 126
Time (sec)

Epoxy fiberglass/Nomex honeycomb (1” thick)
covered with carpet

23

170

Al 6061-T6, 7 lbs

1.3453

41.2

39

109

62

960

31.8 (11 =1.2093 sec, t, = 1.2411 sec)

1.2093

1.2753

F-9/F-10
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